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Experimental Information

Materials and exfoliation process:
Throughout all experiments, BP with purity higher than 99.999% (Smart Elements) was used. BP nanosheets were produced by mechanical exfoliation with a commercially available Scotch Tape (3M). Afterwards, the FL-BP flakes were transferred onto Si/SiO 2 .substrates (300 nm oxide layer). The exfoliation was performed in an argon filled LABmasterpro sp glove box (MBraun) equipped with a gas purifier and solvent vapor removal unit (oxygen and water content lower than 0.1 ppm).
Solvent purification:
Anhydrous, 99,9% purity solvents (THF, NMP and 1-butyl-3-methylimidazolium tetrafluoroborate (BMIM-BF 4 )) were purchased from Sigma-Aldrich. The BMIM-BF 4 was degassed under vacuum during 3 days prior to the experiments. THF and NMP were first dried over molecular sieve (3 Å) for at least 3 days to remove dissolved water. The water content was determined by using the "Karl Fischer" method, obtaining values lower than 5 ppm. Additionally, both solvents were degassed by iterative pump freezing (a minimum of 7 cycles) in liquid nitrogen to remove oxygen, before introducing them into the glove box.
Characterization:
Immediately after the removal from the inert atmosphere, images of FL-BP flakes were recorded under an optical microscope (Zeiss Axio Imager M1m), using different objectives enabling their re-localization in Raman and AFM measurements.
Raman spectra were acquired on a LabRam HR Evolution confocal Raman microscope (Horiba) equipped with an automated XYZ table using 0.80 NA objectives. All measurements were conducted using an excitation wavelength of 532 nm, with an acquisition time of 2 s and a grating of 1800 grooves/mm. To minimize the photo-induced laser oxidation of the samples, the laser intensity was kept at 5 % (0.88 mW). For the wavelength-dependent experiments, laser excitations of 457 nm, 473 nm, 532 nm, and 633 nm were used. The step sizes in the Raman mappings were in the 0.2-1 µm range depending on the experiments. Data processing was performed using Lab Spec 5 as evaluation software. When extracting mean intensities of individual BP Raman modes, it is important to keep each spectral range constant, e.g. from 355-370 cm -1 and from 460-475 cm -1 because otherwise the resulting value of the A 1 g /A 2 g -ratio can be slightly influenced.
AFM tapping mode images were obtained using a Solver Pro scanning probe microscope (NT-MDT) equipped with a Sony Exwave HAD camera with optical zoom. Etalon polysilicon high-resolution tips with a diameter of approximately 10 nm were used to obtain images resolved by 512x512 or 1024x1024 pixels.
Scanning transmission electron microscopy (STEM) observations were carried out in a JEOL ARM200cF operated at 80 kV and equipped with a spherical aberration corrector and a Gatan Quantum electron energy-loss spectrometer (EELS).
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SI 1: Raman scattering of two dimensional BP:
The point group of AA-and AB-stacked BP is independent of the layer number D 2h
1
. D 2h has the uncommon property that it has three different orthogonal rotation axis all showing exactly the same symmetric properties. As a consequence, there are always six possible ways to define the unit cell of the BP. As a result, the representations of the phonon modes also depend on the chosen orientation of the unit cell. It is therefore extremely important for the determination of the Raman scattering selection rules, that the Raman scattering geometry and the unit cell of the BP use the same coordinate system, as otherwise false predictions would be made. Historically, the z-axis is often chosen to be parallel to the BP planes, as we did in the main text to achieve better comparability with the available literature. However, considering the recent popularity of van-der-Waals heterostructures, we strongly suggest for future reports to choose an orientation in which the normal of the BP planes is parallel to the z-axis, to achieve compatibility with other 2D materials such as Additionally, two-dimensional materials with few layers can show Raman active modes not present for the monolayer or the bulk. This is also the case for BP. The number of the S5 atoms in the unit cell and therefore the number of phonon modes scales with the number of layers N linearly for few-layer BP. However, it is not necessary to examine every possible layer number independently, as it was shown using group theory that each normal mode of the single layer will lead to N normal modes of the few-layer with comparable frequencies that will belong to two different representations with opposite behavior under inversion symmetry. 
SI 2: DFT calculations
The frequencies in Tab. 1 and the corresponding atomic displacement patterns of the phonon modes of monolayer, bilayer, and bulk AB-stacked BP were computed within the framework of density functional perturbation theory (DFPT) as implemented in the Quantum Espresso code. Both atomic positions and cell parameters were optimized to obtain the ground state geometries of the studied systems. We sampled the Brillouin zone of the few-layer (bulk) materials by grids of 12x12x1 (12x12x10) k-points. The valence electrons of the system were described by normconserving pseudopotentials and an energy cutoff of 80 Ry. We used the PBE approximation to the exchange-correlation interaction, where we added semi-empiric dispersion corrections from the DFT-D2 3 scheme in both optimization and DFPT steps.
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SI 3: Scanning Raman microscopy (SRM) setup:
Considering that photo-oxidation of BP nanosheets could be induced by permanent laser irradiation, low excitation energies (5%) as well as relatively short acquisition times (2 s) were used during Raman measurements. Normally, we decided to set a step size of 1 µm in SRM as a sufficient resolution is still guaranteed, and applicable mappings could be obtained relatively fast. Nevertheless, it is worth mentioning that with our local setup it is possible to highly resolve BP flakes located closely next to each other by reducing the step size to 0.2 µm (Fig. SI 1) . 
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SI 7: Oxidation of pristine BP followed by SRM:
For the oxidation study of pristine FL-BP Raman mappings were conducted every 24 h.
The first measurement in this series was performed under inert conditions. BP flakes were exfoliated inside the Argon filled glove box, transferred onto a Si/SiO 2 wafer and afterwards put in a small inert chamber with a small window on top. Due to diffraction of the laser when penetrating the window of the inert chamber, the spatial resolution in the mapping on the left is lower. 
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The sequence of AFM images above displays the oxidation of pristine FL-BP (ca. 7nm) in a rhythm of 24 hours. The first AFM scan represents the flakes directly after removing the sample from inert conditions. Here, it is already possible to observe some droplets, which exhibits diameters of around 150 nm and are about 5 nm high, on top of the exfoliated BP sheets. After 24 hours all flakes within the scanned area exhibit substantial signs of the ongoing oxidation. Formed droplets now have about twice the height than one day earlier and reach lateral dimensions up to µm size. Another two days of oxidation time leads to a further growth of droplets until their coalescence leads to the constitution of a huge bubble, which covers the whole flake. Typically, this fully oxidized state of the flake is accompanied by a drastic increase of the volume with the height of the flakes being around three to four times the original value as both exemplary height profiles underline.
